We recently showed that anti-Immunglobulin conjugated to high molecular weight dextran is 1000-fold more mitogenic for B cells than unconjugated anti-immunoglobulin. This system serves as a model for T-cell-independent ype 2 antigens such as haptenated Ficoll, dextran, and bacterial polysaccharides, which can also stimulate B-cell proliferation and antibody production at low concentrations. We show here that conjugated anti-immunoglobulin, at concentrations that stimulate significant increases in expression of major histocompatibility complex class II molecules and incorporation of thymidine into DNA, does not induce detectable modulation of surface inmunoglobulin. These results indicate that the facilitated T-cell-independent B-cell activation by polysaccharide antigens may result from inability to modulate surface immunoglobulin, possibly resulting in persistent and/or repetitive signaling. Early large increases in Ca2+ and breakdown of inositol phospholipids presently thought to be involved in transduction of the mitogenic signal are not detectable at low concentrations of conjugated anti-immunoglobulin, raising the possibility that these biochemical events may not in fact be central to this signaling pathway.
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Crosslinking of B-cell-surface immunoglobulin by antigen or anti-Ig antibody has been demonstrated to induce phospholipase C-dependent phosphatidylinositol bisphosphate (PIP2) hydrolysis (1) (2) (3) (4) (5) (6) . The second messengers thereby generated, diacylglycerol (DAG) and inositol trisphosphate (IP3), lead to activation of protein kinase C (PKC) and mobilization of intracellular ionized calcium ([Ca2] jD (reviewed in refs. 7, 8) , events that facilitate entry of B cells into G1 and S phases (9) (10) (11) (12) (13) (14) . Stimulation of B cells by other agonists does not appear to stimulate an inositol phospholipid-dependent mode of activation. Thus, stimulation of murine B cells with lipopolysaccharide or 8-mercaptoguanosine leads to DNA synthesis in the absence of detectable increases in [Ca2+]i (ref. 15 and our unpublished observations). Likewise, stimulation of human B cells with antibodies to the CD20 cluster (16) Recently we showed that when anti-Ig antibody is conjugated to high molecular weight dextran (anti-Ig-dex) it stimulates B-cell proliferation at concentrations 1000-fold lower than that stimulated by unconjugated anti-Ig antibody (18) . Furthermore, at these low concentrations anti-Ig-dex induces greater B-cell proliferation than that induced by unconjugated anti-Ig but induces no modulation of slg and very low levels of binding to slg. This suggests that sIg-modulated B-cell activation could be stimulated despite low-level receptor occupancy and led us to investigate whether these conjugates stimulate B-cell activation via stimulation of PIP2 hydrolysis similar to that induced by high concentrations of unconjugated anti-Ig antibody. Antibody and Other Reagents. Anti-T-cell antibodies for B-cell purification were anti-Thyl.2 (clone 30-H12), anti-L3T4 (clone GK1.5), anti-Lyt-2 (clone 53-6.7), and rat antimouse immunoglobulin K chain (clone MAR18.5). Other antibodies were anti-Fc-y receptor (clone 24G2), anti-IgD of a allotypes (clone H5a/1 and clone FF1), fluoresceinated anti-Iad (clone MKD6), fluoresceinated anti-IgD of the a allotype (clone AMS15), and IgD (clone TEPC1017). All antibodies (except 53-6.7 and MAR18.5, which were used as crude ascitic fluid and tissue culture fluid, respectively) were purified by precipitation with (NH4)2SO4, DE-52 ionexchange chromatography, and filtration with Sephadex G-200 gel as described (18 (10 ,ug/ml), and kept at 37°C for 30 min. Ligands were added and incubation was continued for 40 min. Watersoluble inositol phosphates were isolated by addition of 0.75 ml of chloroform/methanol (1:1) and then addition of 0.25 ml of chloroform followed by 0.25 ml of H20. Cultures were mixed in a Vortex and spun at 1000 rpm and the water phase was separated and applied to a Dowex column from which the inositol phosphates were eluted with 1 M sodium formate/0.1 M formic acid.
RESULTS AND DISCUSSION
These studies were undertaken to determine whether low concentrations of anti-IgD-dex (anti-8-dex), which stimulated high levels of B-cell proliferation (18) , also stimulated comparable increases in early events ofB-cell activation such as PIP2 breakdown and increases in [Ca2+]i (1) (2) (3) (4) (5) induced by high concentrations of unconjugated anti-Ig. Although 1 and 0.1 ,ug of anti-8-dex per ml stimulated increases in [Ca2+]i in >95% of B cells from a resting level of 130 nM to 864 nM and 690 nM, respectively, 100-fold higher concentrations of unconjugated anti-8, (100 and 10 ,g/ml) stimulated increases only to 439 nM and 291 nM, respectively (Fig. 1) , and the increases in [Ca2+]i were more sustained than that by unconjugated anti-8 (Fig. 1) . Low concentrations of anti-8-dex, which were highly mitogenic, stimulated barely detectable increases in levels of [Ca2+]i measured early (6 min) (Fig. 1 Inset) or later (3.5 and 4.5 hr) ( Table 1 ). In the experiment shown in Fig. 2, 10-3 ,ug of anti-8-dex per ml stimulated thymidine incorporation, which was =35% as great as the maximal response, but resulted in an increase in [Ca2+] , that Resting B lymphocytes were cultured at 370C with medium only or with anti-6-dex at 10-2, 1O-3, or 1o-4 1Lg/ml for 3.5 or 4.5 hr. Thirty minutes before the end of the culture period indo-1 was added to the cells and they were analyzed for the indo-1 ratio of violet:blue fluorescence. Histograms were generated to show the distribution of was <4% of that observed when cells were maximally stimulated. At this low concentration (10-3ig/ml) of anti-8-dex '-25% of the B cells were in the G2, S, and M stages of the cell cycle (as determined by propidium iodide staining) compared to 43% of B cells that were stimulated with 10-1 ,ug/ml (data not shown). This suggests that the high level of thymidine incorporation that we observe does not simply reflect a small number of B cells that synthesize large amounts of DNA but rather reflects a large fraction of the B cells that are induced to enter the cell cycle. Concentrations of anti-6-dex that stimulated slight or no detectable early increases in B-cell [Ca2e]i were much more mitogenic than concentrations of unconjugated anti-8 that induced substantial [Ca2e]i increases (Fig. 2) . The data in Fig. 2 were derived by integrating the area under the curve of "mean calcium vs. time" (from an experiment similar to that described in Fig. 1 ). Since this computation is a summation of the mean of the calcium transients from analysis of each individual cell analyzed over the duration of the experiment (6 min), it provides a very accurate and sensitive way of detecting small but potentially significant changes in a population of B cells. The assay system that we employ analyzes events in single (Table  2) after addition of antibody. Absence of sIg modulation increases the likelihood of subsequent interactions of anti-5-dex with sIgD, which would allow repetitive B-cell signaling to occur over longer periods. Lack of a direct relationship between modulation of sIg, PIP2 hydrolysis (Table 2) , and B-cell activation is supported by the observation that concentrations of anti-6-dex too low to induce detectable in- Resting B lymphocytes were placed in culture at 106 per ml in the presence of indicated concentrations of anti-8-dex or anti-8 + 10 ,ug of 24G2 per ml. Results are expressed as channel scale area (CSA), the sum of the products of cell number and their staining intensity.
Results are compared to mean max.
[Ca2+]i levels were obtained from cells treated as described in the legend to Fig. 1 (10-3i ,g/ml).
At the indicated times, purified IgD (from the myeloma TEPC1017) was added at a final concentration of 50 ,ug/ml. Specific incorporation was determined, and results are expressed as the mean cpm of triplicate cultures.
were both stimulatory and effective modulators of sIg would stimulate proliferation of B cells even when sIg had already been modulated. This proved to be the case, in that B cells whose sIg had been modulated by prior exposure to the nonmitogenic anti-6 antibody responded without any significant diminution to the higher concentrations (10-1 and 10-2 ,ug/ml) but not to the lower concentrations (10-3 or 1i-0 Ag/ml) of anti-6-dex antibody (Fig. 3A) . This supports the view that the low nonmodulatory concentrations of anti-6-dex antibody are mitogenic only when encountering B cells on which sIg molecules are not reduced in number and so may transmit repetitive and prolonged signal transduction. To address the issue of repetitive signal transduction directly we employed purified IgD to inhibit competitively the binding of anti-8-dex to sIgD and thereby serve to interrupt continuous signal transduction. IgD was added at a 50,000-fold molar excess at the start of culture as well as at 6 and 24 hr after the initiation of a 48-hr culture (Fig. 3B) Other interpretations of these results that cannot be excluded by these data include these possibilities: (i) Very low concentrations of multimeric antigens or anti-Ig-dex may recruit inositol phospholipid-independent pathways of activation as is stimulated by the polyclonal B-cell-activator lipopolysaccharide (15) and recently also shown to be stimulated by ligation of the T-cell-antigen receptor (24, 25) . This possibility is also consistent with our previous observation that anti-Ig can deliver stimulatory signals to B cells depleted of PKC (26) . (ii) The mitogenic effect of even low concentrations ofanti-5-dex is dependent upon its capacity to induce individual B cells to experience recurrent, transient increases in [Ca2+] , (20, 27 
